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S
leep-disordered breathing (SDB) incorporates a spectrum of respiratory and ventilation abnormalities that range from snoring to obstructive sleep apnea (OSA). OSA is characterized by partial or complete repetitive airway collapse that results in intermittent hypoxic episodes. In nonobstetric populations, SDB is associated with hypertension and cardiovascular and metabolic diseases. 1 In pregnancy, however, specific hormonal and physiologic changes that occur over gestation predispose women to SDB or can exacerbate its symptoms, with increasing appreciation that aberrant maternal sleep is a risk factor for adverse obstetric and perinatal outcomes. [2] [3] [4] [5] [6] [7] The incidence of SDB during pregnancy is unknown; it is likely that many cases go undiagnosed. This may be due to the belief by both pregnant women and their clinicians that manifestations of SDB are the normal sequelae of the physiologic and emotional changes that are associated with pregnancy. 8 There are several reviews [5] [6] [7] 9 that show an association between SDB and pregnancy complications that include pregnancyinduced hypertension, preeclampsia, gestational diabetes mellitus, fetal growth restriction, and preterm birth; however, there is a paucity of data specifically regarding intrapartum and perinatal outcomes.
The aim of this systematic review and metaanalysis was to determine the association between SDB in pregnancy and adverse intrapartum and perinatal outcomes.
Methods
A systematic review and metaanalysis of observational cohort and case-control studies to June 2017 that reported the association between SDB and obstetric and perinatal outcomes were performed. Relevant studies were identified through a search of electronic databases PubMed, Cinahl, and Embase and through the reference lists from relevant identified studies and systematic reviews. We used a combination of key words and MESH terms that included "sleep apnea," "obstructive," "sleep disturbance," "OSA," "sleep medicine," "SDB," "apnoea," "apnea," "sleep-disordered breathing," "snoring," "pregnancy," "pregnant," "maternal," and "obstetric." We limited the search to studies published in English. The first reviewer (N.T.B.) screened all titles and extracted those citations that required more detailed examination. A second review of abstracts and citations was performed by 2 reviewers (N.T.B. and J.M.T.) who went on to read and select all relevant trials for inclusion and to extract the study data in duplicate. Results that were conference abstracts or posters, case reports with <10 participants, dissertations, or reviews were excluded. Reference lists of included publications were searched manually for relevant citations not found in the initial electronic search. When any disagreement between the opinions of the 2 reviewers arose, a further assessment of that study was performed by a third reviewer (S.K.). This study was performed in keeping with the PRISMA guidelines. 10 Obstetric outcomes that were assessed included gestational age at delivery, preterm birth (<37 weeks gestation), mode of and indication for delivery, meconium-stained amniotic fluid, and wound complications. Perinatal outcomes were birthweight, cord artery pH, 5-minute Apgar score <7, admission to the neonatal intensive care unit (NICU) or special care nursery (SCN), and stillbirth or perinatal death.
Studies were included if they used objective measures of diagnosis and if they used self-reported questionnaires. Objective diagnostic methods included standard polysomnography, in-home portable polysomnography, ambulatory sleep evaluation that uses an appropriate device (eg, WatchPAT 200; Itamar Medical, Caesarea, Israel) or pulse oximetry.
Studies that used self-reported questionnaires were included only if they reported both an assessment of sleep quality and the outcomes of interest. Some studies used standardized questionnaires, which included the Berlin Questionnaire, 11 Epworth Sleepiness Scale, 12 Pittsburgh Sleep Quality Index, 13 and Sleep and Health Questionnaire that is a modified version of the Specialised Centres of Research Sleep Questionnaire 14 ; other studies used questionnaires of their own design, most commonly to assess snoring. For the purpose of this review, snorers were considered to have SDB.
For studies that used polysomnography, an Apnea Hypopnea Index >5/hr, was considered to represent the SDB group. This is the standard threshold according to the American Academy of Sleep Medicine for OSA, with following categorization of severity: an Apnea Hypophea Index of <5 is normal, of 5e14 is mild sleep apnea, of 15e29 is moderate sleep apnea, and of 30 is severe sleep apnea. 15, 16 For studies that used the Pittsburgh Sleep Quality Index, a score of >5 was considered to represent the SDB group; control subjects had a score of 5.
13 For studies that assessed outcomes in both the second and third trimesters, only data from the third trimester were included.
Studies were also included only if they reported raw data that could be included in a metaanalysis. Studies that reported outcomes that used a mean with no standard deviation were excluded, as were studies that reported a rate rather than a total number of events or grouped events in categories without enough information to extract the data.
Statistical analysis
Review Manager software (RevMan; version 5.3.5; The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was used to perform the statistical analysis. A random effects analysis model was used, with mean difference calculations for continuous variables and odds ratio (OR) calculations for dichotomous data. ORs were calculated for each study and were pooled for global analysis with the use of Der Simonian and Laird models to generate odds ratios and 95% confidence intervals (CIs). Where possible, adjusted ORs were calculated by the inverse variance method using adjusted ORs detailed in the included studies. Adjusted ORs were pooled, even when they had been adjusted for different variables, because it was believed that this would better represent the true effect than unadjusted ratios alone. Subgroup analysis was performed according to method of diagnosis (ie, subjective questionnaire based or objective testing) when there was a minimum of 4 included studies in each subgroup. Heterogeneity between the studies was assessed with the Higgins I 2 statistic and deemed moderate if it was>50% and high if it was >75%. The I 2 quantity delineates the percentage of total variation between studies AJOG at a Glance Research question: why was this study conducted? This study was conducted to evaluate a common sleep disorder that is increasingly prevalent in pregnancy, given the rise in maternal obesity rates.
Key findings
The results clearly indicate that intrapartum and perinatal outcomes in women with sleep-disordered breathing are significantly worse compared with control subjects and emphasize the high-risk nature of these women.
What does this add to what is known?
Because sleep-disordered breathing in pregnancy is generally under diagnosed, this review highlights the need to develop effective and timely screening and surveillance processes in this cohort of women. Systematic Reviews ajog.org because of heterogeneity as opposed to chance. 17 Assessment of quality and bias The Newcastle-Ottawa Scale (NOS) for assessment of the quality of nonrandomized studies in metaanalyses 18 was used to assess study quality. Assessments were made in 3 categories: selection of study participants, comparability of study groups, and reporting and determination of outcomes. Each study was graded as per the NOS coding manual and assigned a star rating based on the study fulfilling the specified criteria. Studies were determined to be of high risk of bias if the NOS score was <6. A sensitivity analysis was performed to evaluate the effect of SDB on outcomes after exclusion of low-quality studies: (1) studies with high risk of bias and (2) studies with a subjective method for diagnosing SDB. Funnel plots were generated to assess the effect of publication bias.
Results
The initial electronic search returned 1576 citations. After the removal of duplicates, 1472 citations were reviewed; from these, 58 potential studies were included for full review. A total of 33 studies that contained 963,310 participants met the inclusion criteria and were used for the final analysis (Figure 1, A) .
Description of studies
Of the 33 included studies, the diagnosis of SDB was made with objective means in 8 studies, 20, 25, 34, 35, 37, 43, 45, 50 with self-reported questionnaires in 21 studies, 19, 23, 24, [26] [27] [28] [29] [30] 32, 33, 36, [38] [39] [40] [41] [42] 44, 46, 48, 49, 51 and retrospectively determined from a database in 4 studies. 21, 22, 31, 47 A summary of the included studies can be seen in Table 1 . The Higgins I 2 values can be seen in Table 2 . Of these, the I 2 value is low for 7 outcomes, moderate for 10 outcomes, and high for 1 outcome.
Bias assessment revealed that the majority of studies scored highly in the participant selection and outcome assessment categories. The comparability category was where the most variability between studies was observed, with many studies not adjusting for confounders, particularly body mass index (BMI; Figure 1, B) .
Assessment of funnel plots suggested publication bias was unlikely because small studies were reporting equally positive and negative correlations for the outcomes of interest (Supplementary Figure) .
Sensitivity analysis was performed for all outcomes of interest after exclusion of low-quality studies. Although the exclusion of studies that were deemed to have a high risk of bias (NOS score, <6) did not affect the significance of any of the outcomes of interest, the exclusion of studies that used a subjective method for diagnosing SDB did alter the results of 2 outcomes: low birthweight (LBW) and 5-minute Apgar score <7. LBW (<2500 g) was significant when all results were pooled (OR, 1.67; 95% CI, 1.0e2.78; P¼.05); however, it was not significant when subjective methods of diagnosis were excluded from the analysis (OR, 1.27; 95% CI, 0.72e2.25; P¼.41). Similarly, although 5-minute Apgar score <7 was significantly increased among women with SDB in the pooled analysis (OR, 2.14; 95% CI, 1.24e3.71; P¼.006), this was no longer significant after the exclusion of those studies that used a subjective method for diagnosing SDB (OR, 3.16; 95% CI, 0.78e12.73; P¼.11). It should be noted, however, that, for both these outcomes, there were only 2 and 3 studies in each of the objective methods of diagnosis subgroups. Study quality assessment and study selection process A, Prisma Flow Diagram for selection of included studies. B, The Newcastle-Ottawa Scale (NOS) for assessment of study quality.
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FIGURE 2 Forest plots of metaanalyses: maternal demographics
Plots show maternal demographics in sleep-disordered breathing and control cohorts: A, maternal age; B, maternal prepregnancy body mass index. 
Forest plots of metaanalyses: obstetric outcomes
Plots show obstetric outcomes in sleep-disordered breathing and control cohorts: A, gestational age at delivery; B, preterm birth (<37 weeks gestation); C, birthweight (grams); D, low birthweight (defined as a birthweight <10th percentile); E, low birthweight (defined as a birthweight <2500 g); F, Maternal wound complications.
CI, confidence interval; I 2 , Higgins I 2 statistic of heterogeneity; IV, inverse variance; M-H, Mantel-Haenszel; SD, standard deviation; SDB, sleep-disordered breathing.
ajog.org questionnaire based assessments, and 6 studies 21, 22, 34, 35, 43, 47 used objective assessment methods. The risk of preterm birth was significantly higher in women with SDB compared with those without (OR, 1.86; 95% CI, 1.50e2.31; P<.00001; Figure 3 , B).
Birthweight. Birthweight was assessed in 21 studies. 20, 22, 25, 28, [30] [31] [32] [33] [34] [35] [36] [37] [38] 40, [43] [44] [45] [48] [49] [50] [51] Eleven of these studies used questionnaire based assessment methods 28, 30, 32, 33, 36, 38, 40, 44, 48, 49, 51 ; 10 studies used objective assessment techniques. 20, 22, 25, 31, 34, 35, 37, 43, 45, 50 No statistically significant difference in birthweight was demonstrated (MD, e13.84; 95% CI, e57.08 to 29.40; P¼.53), although there was a trend towards a lower birthweight in women with SDB that was more marked in studies that used objective assessment of SDB (MD, e54.75; 95% CI, e121.03 to 11.53; P¼.11), as opposed to questionnaire-based studies (MD, 8.22; 95% CI, e39.77 to 56.22; P¼.74; Figure 3, C) .
Small for gestational age/low birthweight. Small for gestational age (SGA; defined as birthweight <10th percentile) was reported by 21 studies. Of these, 13 studies 19, 24, 26, 29, 30, 33, 36, 40, 41, 44, 46, 49, 51 used questionnaire based assessment, and 8 studies [20] [21] [22] 25, 35, 37, 43, 45 used objective methods to define SDB. The results for this outcome did not reach statistical significance when pooled (OR, 1.19; 95% CI, 0.94e1.51; P¼.16) or when analyzed separately -questionnaire based assessment (OR, 1.15; 95% CI, 0.86e1.54; P¼.33) or objective assessment (OR, 1.31; 95% CI, 0.8e2.14; P¼.29), although there was a trend towards SGA being more common in women with SDB (Figure 3, D) .
Seven studies defined LBW as birthweight <2500 g. 22, 23, 26, 31, 36, 42, 49 The risk of birthweight <2500 g was significantly higher in women with SDB (OR, 1.67; 95% CI, 1.00e2.78; P¼.05; Figure 3 , E) when the results were pooled. However, this did not remain significant when the data was analyzed separately: objective assessment methods (OR, 3.75; 95% CI, 0.73e19.3; P¼.12) and questionnaire based methods (OR, 1.27; 95% CI, 0.72e2.25; P¼.41).
Apgar score <7 at 5 minutes, NICU/SCN admission, stillbirth/perinatal death, acidosis. Five-minute Apgar score <7 as an outcome was reported in 11 studies 21, 22, 24, 25, 27, 29, 40, 41, 46, 49, 51 ; NICU/ SCN admission was reported in 9 studies 19, 21, 25, 29, 34, 35, 40, 42, 45 ; stillbirth/perinatal death was reported in 6 studies 21, 32, 34, 35, 42, 47 ; and cord pH was reported in 5 studies. 20, 37, 40, 48, 50 Women with SDB were more likely to have a 5-minute Apgar score <7 (OR 2.14; 95% CI 1.24e3.71; P¼.006; Figure 4 , A). These women also had a significantly higher risk of stillbirth or perinatal death (OR, 2.02; 95% CI, 1.25e3.28; P¼.004; Figure 4 , B) and higher risks of admission to NICU/SCN (OR, 1.90; 95% CI, 1.38e2.61; P<.0001; Figure 4 , C) There was no significant difference between the SDB and control groups (MD, e0.02; Systematic Reviews ajog.org 95% CI, e0.05 to 0.00; P¼.07) for acidosis at birth (Figure 4, D) .
Meconium-stained amniotic fluid. Meconium-stained amniotic fluid was reported in 4 studies. 30, 33, 41, 51 There was no difference identified between the SDB cohort and control subjects (OR, 2.68; 95% CI, 0.88e8.20; P¼.08; Figure 5 , F).
Wound
complications. Two studies reported this outcome. 34, 47 Women with SDB were at a higher risk of having postoperative wound complications (OR, 3.67; 95% CI, 1.82e7.40; P¼.0003; Figure 3, F) . [20] [21] [22] [23] 26, 28, 29, 32, 34, 35, 37, 38, 40, 42, 46, 47, 50, 51 and 4 studies 32,37,40,46 distinguished between elective and emergency cesarean procedures. Women with SDB were less likely to achieve a vaginal delivery (OR, 0.61; 95% CI, 0.48e0.78; P<.0001; Figure 5 , A) and more likely to have an assisted vaginal birth (OR, 1.88; 95% CI, 1.10e3.21; P¼.02; Figure 5 , B) compared with control subjects. They were also more likely to have a cesarean delivery (OR, 1.81; 95% CI, 1.55e2.11; P<.00001; Figure 5 , C), both elective (OR, 1.38; 95% CI, 1.09e1.76; P¼.008; Figure 5 , D) and emergency (OR, 2.52; 95% CI, 1.20e5.29; P¼.01; Figure 5 , E).
Subgroup analysis. The total number of participants included in this metaanalysis was 963,310. However, of these, 941,228 came from 2 large retrospective studies: 1 was a population-based study and the other based in military Forest plots of metaanalyses: intrapartum outcomes Plots show intrapartum outcomes in sleep-disordered breathing and control cohorts: A, vaginal delivery; B, assisted vaginal deliveries; C, overall cesarean birth; D, elective cesarean delivery; E, emergency cesarean delivery; F, meconium-stained amniotic fluid.
CI, confidence interval; M-H, Mantel-Haenszel; SDB, sleep-disordered breathing.
ajog.org hospitals. 21, 47 Given the heavy weightage of these 2 studies to the overall numbers, we also reanalyzed the data, excluding these 2 studies to assess their impact on our initial findings. The following outcomes remained unchanged after exclusion of these 2 large studies: preterm birth ( 32, 34, 35, 42 with combined participant numbers of only 515 reporting this specific outcome.
The Higgins I 2 statistic for heterogeneity in this subgroup analysis remained >50% (moderate heterogeneity) for preterm birth, 5-minute Apgar score <7, nursery admission, and vaginal delivery. For the outcomes of LBW <10th percentile and cesarean birth, there was a reduction in the I 2 statistic to <50% (low heterogeneity); it remained low for both wound complications and stillbirth/ perinatal death.
Metaanalysis adjusted for confounders. There were a total of 14 studies that reported outcomes that had been adjusted for confounders. 19, 21, 22, 24, 26, 29, [34] [35] [36] [37] [39] [40] [41] 47 Of these, only 7 studies were able to be included in a further metaanalysis. 22, 24, 34, 37, 39, 40, 47 A metaanalysis that controlled for confounders was able to be performed for only 3 specific outcomes: LBW (defined as birthweight <10th percentile), preterm birth, and cesarean delivery because of the low numbers of papers that reported raw data and adjusted ORs. Although each paper adjusted for different confounders (Table 1) , all adjusted for either BMI, maternal weight, or obesity, and all except one 37 adjusted for maternal age. All 3 outcomes were significant after adjustment for maternal BMI and maternal age: preterm birth (OR, 2.00; 95% CI, 1.49e2.68; P<.00001), cesarean birth (OR, 1.73; 95% CI, 1.52e1.98; P<.00001), and SGA (birthweight <10th percentile; OR, 1.54; 95% CI, 1.19e1.99; P¼.001; Figure 6 ).
Comment Principal findings and implications for clinical practice
The results of this systematic review and metaanalysis clearly demonstrate poorer intrapartum and perinatal outcomes in women with SDB compared with control subjects and emphasize the high-risk profile of this cohort. Women with SDB were more likely to be older, have a higher BMI, and at higher risk of preterm birth, cesarean birth, and postoperative wound complications. They were also much less likely to achieve an uncomplicated vaginal birth. Infants of women with SDB were also more likely to be LBW, have an Apgar score <7 at 5 minutes, require admission to the NICU, or die in the perinatal period.
The mechanisms responsible for these poorer outcomes have not yet been elucidated fully. However, the association between SDB and intermittent maternal hypoxia as well as the link with conditions synonymous with impaired placental function such as pre-eclampsia suggest a multifactorial cause, with both physiologic changes associated with pregnancy and placental dysfunction involved. Given the increased risk of LBW and preterm birth in this cohort, it is not surprising that the risk for operative birth and poorer perinatal outcomes are elevated consequently.
These are important findings that have clear implications for obstetric practice. First, given the rapidly increasing worldwide obesity rates, SDB is likely to become more prevalent in the pregnant population and is worthy of being screened for. Second, the increased risk for both adverse intrapartum and perinatal outcomes demonstrated in this review strongly support the need for Forest plot of metaanalysis: odds ratios Plots show odds ratios that were adjusted for covariates: A, low birthweight (defined as a birthweight <10th percentile); B, preterm birth (<37 weeks gestation); C, overall cesarean birth.
Brown. Sleep-disordered breathing in pregnancy: systematic review and metaanalysis. Am J Obstet Gynecol 2018. Systematic Reviews ajog.org increased surveillance of this cohort. Third, public health education programs must take into account the specific maternal and perinatal risks and promote education about the significance of OSA symptoms and the need for women to discuss this with their obstetric caregivers. Furthermore, given the association between SDB and perinatal death, there also needs to be appropriate determination for treatment options and the optimum gestation for birth to mitigate this complication.
Available evidence suggests that symptoms of SDB increase with gestational age 52 and resolve after birth. 53 The increased mucosal edema of the upper respiratory tract and elevation of the diaphragm that results in decreased functional residual capacity, changes to REM sleep, increased sympathetic activation, inflammation, and oxidative stress can cause OSA and intermittent hypoxia. 8, 54 In animal studies, intermittent periods of hypoxia during pregnancy can result in the birth of growthrestricted pups. 55, 56 Currently, there is no consensus on the best method to assess maternal sleep disorders in pregnancy nor indeed the ideal gestation at which to make this assessment, given that SDB symptoms worsen as pregnancy progresses. 52 Although there is some evidence that maternal continuous positive airway pressure treatment may be beneficial in lowering blood pressure in women with preeclampsia and preexisting hypertension, 57, 58 what is not known is whether the treatment ameliorates the risks of other complications demonstrated in this metaanalysis if maternal hypertension is not present. There is also some evidence that the use of nocturnal nasal continuous positive airway pressure improves fetal movement in women with preeclampsia. 59 Although the mechanism for this is not clearly elucidated, it is possible that fetal oxygenation is improved by a combination of improved maternal oxygenation and placental perfusion.
In the United States, the prevalence of SDB is increasing 60 and is likely to be related to rising obesity rates. In Australia, a similar trend is also evident, with 63% of Australians >18 years old being overweight or obese 61 with maternal obesity associated with a myriad of obstetric and perinatal complications. 62 Given the strong association between maternal obesity and SDB, it may be reasonable that overweight and obese women be assessed for obstructive sleep disorders and, where appropriate, be considered for prenatal continuous positive airway pressure treatment.
In addition to sleep disorders impacting on intrapartum and perinatal outcomes, there is emerging literature that suggests that maternal sleep position may also influence stillbirth rates. 42, [63] [64] [65] Although maternal sleep position was not the focus of our study, this is clearly an important area that warrants further investigation.
Strengths and limitations
The strengths of this metaanalysis lie in its large number of participants and the clinically relevant intrapartum and perinatal outcomes that are reported.
Given the potential confounding effects of the predominant contribution to the number of participants from just 2 studies, 21, 47 we still managed to show that, with the exception of perinatal death, the risks of adverse outcomes that are associated with SDB in pregnancy remained elevated.
Any metaanalysis is inherently limited by the type and quality of studies included and their reporting style. In our metaanalysis, despite the variation of studies included, sensitivity analyses of the impact of risk of bias did not significantly influence the outcomes of interest. We were also limited by the fact that not all studies reported results that had been adjusted for relevant confounders, particularly maternal age and BMI, which are important factors that influence SDB. Regardless of this, the separate metaanalysis of 7 studies clearly shows that women with SDB remain at higher risk for a LBW baby, preterm birth, and cesarean birth, even after adjustment for confounders ( Figure 6 ).
Additional sensitivity analysis was performed to address the possible impact of different methods for diagnosing SDB. With the exception of the outcomes of LBW <10th percentile and 5-minute Apgar <7, our results suggest that SDB is a significant risk factor for adverse outcomes and support the inclusion of both subjective and objective studies within this review.
Conclusions and implications for future research
Although this review shows that women with SDB are at increased risk of intrapartum and perinatal complications, there remain large evidence gaps that must be addressed urgently, given the evolving global obesity demographic. First, accurate diagnostic criteria and Apnea Hypopnea Index thresholds for SDB in pregnancy must be established. Second, the optimum treatment during gestation needs further clarification and, most importantly, to ascertain whether treatment of SDB actually improves outcomes. Third, fetoplacental hemodynamics in women with SDB requires more research to clarify whether there are specific at-risk cohorts that are more vulnerable to complications than others. Finally, the optimum gestation for birth and the best intrapartum management processes must be determined. Larger studies clearly are needed to evaluate these questions.
-
